The transition to flowering is a crucial step in the plant life cycle that is controlled by 37 multiple endogenous and environmental cues, including hormones, sugars, 38 temperature, and photoperiod. Permissive photoperiod induces FLOWERING LOCUS 39 T (FT) in the phloem companion cells of leaves. The FT protein then acts as a florigen 40 that is transported to the shoot apical meristem (SAM) where it physically interacts 41 with the bZIP transcription factor FD and 14-3-3 proteins. However, despite the 42 importance of FD for promoting flowering, its direct transcriptional targets are largely 43 unknown. Here we combined ChIP-seq and RNA-seq to identify targets of FD at the 44 genome-wide scale and assess the contribution of FT to binding DNA. We further 45 investigated the ability of FD to form protein complexes with FT and TFL1 through the 46 interaction with 14-3-3 proteins. Importantly, we observe direct binding of FD to targets 47 2015). FD interacts not only with FT but also with other members of the PEBP protein 87 4 family. Interestingly, some of the six PEBP proteins encoded in the A. thaliana genome 88 regulate flowering in opposition. FT and its paralog TWIN SISTER OF FT (TSF) 89 promote flowering. Mutations in tsf enhance the late flowering phenotype of ft in LD 90 but in addition TSF also has distinct roles in SD (Yamaguchi et al., 2005). Other 91 members of the PEBP protein family, most prominently TERMINAL FLOWER 1 92 (TFL1), oppose the flower-promoting function of FT and TSF, and repress flowering. 93
It has long been known that in day-length responsive species, inductive photoperiod is 66 mainly perceived in leaves where it results in the formation of a long-distance signal, 67 or florigen, that moves to the SAM to induce the transition to flowering (An et al., 2004; 68 Corbesier et al., 2007; Mathieu et al., 2007) . The molecular nature of florigen has 69 eluded identification for the better part of a century. However, recently FLOWERING 70 LOCUS T (FT) and related genes, which encode for phosphatidylethanolamine-binding 71 proteins (PEBP), have been identified as evolutionary conserved candidates (Corbesier 72 et al., 2007; Mathieu et al., 2007) . Under inductive photoperiod, FT is expressed in leaf 73 phloem companion cells (PCC) and there is good evidence that the FT protein is loaded 74 into the phloem sieve elements and transported to the SAM (reviewed in (Song et al., 75 2015; Srikanth and Schmid, 2011) ). At the SAM, FT interacts with FD and 14-3-3 76 proteins and the resulting flowering-activation complex (FAC) is thought to control the 77 correct expression of flowering time and floral homeotic genes to promote the transition 78 of the vegetative meristem into a reproductive inflorescence meristem ( 2011; Wigge et al., 2005) . Recently, two calcium-dependent kinases expressed at the 85 SAM, CPK6 and CPK33, have been shown to phosphorylate FD (Kawamoto et al., 86 and RNA-seq in wildtype as well as in ft-10 tsf-1 double mutants. This demonstrates 137 that FD can bind to DNA in vivo even in the absence of FT/TSF. However, FD binding 138 to a subset of targets, which includes many important flowering time and floral 139 homeotic genes, was reduced in the ft-10 tsf-1 double mutant, strongly supporting a role 140 for FT/TSF in modulating FD DNA binding and expression of functionally important 141 target genes. In addition, we report the effects of FD phosphorylation on protein 142 complex formation with FT and TFL1 via 14-3-3 proteins in vitro and show how 143 phosphorylation of FD affects flowering time in planta. Finally, our ChIP-seq 144 experiments identified hundreds of previously unknown FD target genes, both in the 145 PCCs as well as at the SAM. For example, we observed that FD directly binds to and 146 regulates genes in hormone signaling pathways. These newly identified FD target genes 147 represent a precious resource not only to enhance our knowledge of the photoperiod 148 pathway but also to better understand the integration of different signaling pathways at 149 the transcriptional level. Taken together, our findings support a role for FD as a central 150 integrator of flowering time and provide important novel data to guide future research 151 on the integration of diverse signaling pathways at the SAM. 152 6 RESULTS 153
FD binds G-box motives when expressed in PCCs 154
FD is normally expressed at the shoot apical meristem (SAM) whereas its interaction 155 partner FT is expressed in leaf phloem companion cells (PCC). As most 14-3-3 proteins 156 are ubiquitously expressed at moderate to high levels and have also been detected in 157
PCCs (Deeken R. et al., 2008; Schmid et al., 2005) , we reasoned that expression of FD 158 from the PCC-specific SUC2 promoter would maximize FAC complex formation and 159 enable us to investigate the role of FT in modulation of FD transcriptional activity. 160
We performed ChIP-seq on independent biological duplicates in a stable 161 LFY, SOC1, SEP1, SEP2, SEP3, was used for further analysis. In both replicates, the 169 majority of the peaks mapped to promoter regions (65,1% and 63.8%, respectively), 170 followed by intergenic regions (16% and 16.8%), transcriptional terminator sites (9.2% 171 and 10.7%), exons (6.4% and 5.6%) intron (2.4% and 2.3%), 5'-UTR (0.5% and 0.3%), 172 and 3'-UTR (0.4% and 0.5%) ( Fig. 1A) . The relative enrichment of peaks mapping to 173 promoter regions is in agreement with what is expected from a transcriptional regulator. 174
In both replicates, the majority of the peaks are located between 600 bp and 300 bp 175 upstream the nearest transcription start site (TSS) ( Fig. S1D , G). De novo motif analysis 176 using MEME-ChIP (Machanick and Bailey, 2011) revealed that peak regions showed 177 a strong enrichment of G-boxes (CACGTG), which is a canonical bZIP binding site 178 ( Fig. S1J ). The subset of 1754 peak regions was associated with 1676 unique genes, 179 with 68 genes containing more than one inferred FD binding site. Taken together, these 180 results demonstrate that, when misexpressed in the PCCs, FD is capable of binding to 181 G-box elements in a large number of genes that are involved in diverse aspects of the 182 plant life cycle. 183
184

FT and TSF enhance binding of FD to DNA 185
To test whether FT and its paralog TSF are required for FD to bind to DNA, the 186 pSUC2::GFP:FD reporter and pSUC2::GFP:NLS control constructs were transformed 7 into the ft-10 tsf-1 mutant background. Results from two independent biological 188 replicates show that FD is capable of binding to DNA even in the absence of FT and 189 TSF. Most peaks (63% and 62.1% in the first and second biological replicate, 190 respectively) mapped to promoter regions within 600 bp and 300 bp nucleotides 191 upstream the nearest TSS ( Fig. S1B , E, H). Overall, these results are very similar to 192 those observed for pSUC2::GFP:FD in Col-0 ( Fig. 1A, Fig. S1B , E, H, K ). 193
Comparison between the two biological replicates identified 2696 common peaks in ft-194 10 tsf-1 mutant that mapped to 2504 unique genes ( Fig. S1B , Supplemental Data Set 195 2). Surprisingly, overlapping the sets of genomic regions bound by FD with high-196 confidence in WT (1754) and ft-10 tsf-1 (2696) identified 1530 shared peaks (Fig. 1B, 197 Supplemental Data Set 3), suggesting that FD is capable of binding to most of its targets 198 in the absence of FT and TSF. Analysis of the sequence under the 1530 shared peaks 199 revealed that FD maintained its strong preference for binding to G-box motifs (Fig. 200 1C) . 201
Analysis of differential bound (DB) regions revealed that, although FT and TSF were 202 not required for FD to bind DNA, their presence increased the strength of the binding 203 and this was sufficient to discriminate the two genetic backgrounds (Fig. 1D) . A total 204 of 885 DB regions with a FDR < 0.05 were found between WT and ft-10 tsf-1 and 205 almost all of these loci showed higher enrichment in WT ( Fig. 1E , Supplemental Data 206 Set 4). Interestingly, this subset includes important floral homeotic genes such as AP1, 207 SEP1, SEP2, and FUL, as well as two members of the SPL gene family, SPL7 and 208 SPL8. We also found FD bound to the second exon of LFY, a master regulator of flower 209 development ( Fig. 1F ). In addition, we detected binding to loci encoding genes 210 involved in the regulation of gibberellic acid biosynthesis and degradation such as 211 GA2OX4, GA2OX6, and GA3OX1 as well as to three key components of the circadian 212 clock, CCA1, LHY, and TIC (Supplemental Data Set 4). 213
To test the robustness of our results and any possible bias due to the different genetic 214 backgrounds used as controls, Col-0 and ft-10 tsf-1, peaks were called again using 215 pSUC2::GFP:NLS in Col-0 as single negative control. Analysis identified 917 DB ( Fig.  216 S2), which is comparable to the 885 DB genes from the previous analysis ( Fig. 1E) . In 217 addition, affinity test analysis clustered by genotype rather than the control used ( Fig.  218 S2), ruling out a bias due to the usage of different genetic backgrounds for peak calling. 219 Importantly, FD is capable of inducing the known FAC target gene AP1 in leaves when 220 expressed under the pSUC2 promoter, suggesting that a functional FAC can be formed 221 in the phloem companion cells when FD is present (Fig. S3A ). The finding that AP1 222 8 expression could only be observed in the Col-0 background but not in pSUC2::GFP:FD 223 ft-10 tsf-1 further supports this interpretation. However, in contrast to AP1, we failed to 224 detect induction of SOC1 in the PCCs of pSUC2::GFP:FD ( Fig.S3A ), suggesting that 225 other co-factor(s) that are probably specifically expressed at the SAM might be required 226 to fully activate FD target gene expression. 227 228 FD phosphorylation is required for complex formation and to promote flowering 229
To verify the binding of FD to G-boxes in vitro we performed electrophoretic mobility 230 shift assays (EMSA) using the bZIP domain of the A. thaliana FD protein (FD-C) and 231 a 30bp fragment from the SEP3 promoter containing a G-box that we had identified as 232 FD target region in our ChIP-seq ( Fig. 1F ) as a probe. We observed weak binding of 233 FD-C, but failed to detect higher order complexes when 14-3-3, FT, or both were added 234 ( Fig. 2A) . In contrast, a clear supershift with 14-3-3 and FT was observed when a 235 phosphomimic variant of FD-C, FD-C_T282E, was used ( Fig. 2B ). Interestingly, 236 TFL1, which is similar to FT in structure (Ahn et al., 2006 ) but delays flowering, was 237 capable of forming a complex with 14-3-3 and wildtype FD-C ( Fig. 2A ). Similar results 238 were obtained with the full-length version of FD ( Fig. S4A ). Taken together, these 239 results demonstrate that A. thaliana FD is capable of binding to DNA without FT, 240 confirming results from our ChIP-seq experiments. Furthermore, our results suggest 241 that the unphosphorylated form of FD, in complex with 14-3-3 proteins, can interact 242 with TFL1. 243
To investigate the importance of FD phosphorylation in vivo we complemented the fd-244 2 mutant with pFD::FD, pFD::FD-T282E, and pFD::FD-T282A (which cannot be 245 phosphorylated) and determined flowering time of homozygous transgenic plants. 246
Plants transformed with the WT version of FD rescued the late flowering phenotype of 247 fd-2, indicating that the rescue construct was fully functional. In contrast, plants 248 transformed with the T282A version flowered with the same number of leaves as fd-2, 249 demonstrating that FD needs to be phosphorylated to induce flowering. Interestingly, 250 plants transformed with the T282E phosphomimic version of FD flowered even earlier 251 than WT ( Fig. 3) , indicating that control of FD phosphorylation is important for its 252 function in vivo. To test whether serine 281 (S281), which is located next to T282, 253 constitutes a potential FD phosphorylation site, we complemented fd-2 with pFD::FD-254 S281E and pFD::FD-S281E/T282E constructs. Interestingly, these lines flowered as 255 early as plants transformed with the phosphomimic version T282E (Fig. 3 ), indicating 256 that S281 could be a possible FD phosphorylation site but that double-phosphorylation 257 9 of S281/T282 does not accelerate flowering any further. These in vivo results are in 258 agreement with our EMSA results and confirm that phosphorylation of FD is required 259 for its function and needs to be finely regulated in order to avoid either premature or 260 delayed flowering. It should be noted, however, that the phosphomimic version of the 261 C-terminal fragment of FD (as used in the EMSA analyses) is insufficient to fully 262 rescue the late flowering of fd-2 ( Fig. S3B ), suggesting that the N-terminal region of 263 FD, even though it does not contain any known functional domains, nevertheless 264 contributes to FD function. 265 266
Targets of FD at the SAM 267
The rationale for carrying out the initial ChIP-seq experiments in PCCs was to 268 maximize the likelihood of FAC formation and to study the contribution of FT/TSF to 269 FD DNA binding. However, since our ChIP-seq and EMSA results indicated that FD-270 FT interaction is not required for FD to bind to DNA, we decided to determine direct 271 targets of FD in its natural context at the SAM. 272
To this end we performed ChIP-seq using a fd-2 mutant that had been complemented 273 using a pFD::GFP:FD construct ( Fig. S3C ). ChIP-seq was performed using two 274 independent biological replicates from apices of 16-day-old plants grown in LD 275 condition. In the two replicates, we could identify 703 and 1222 FD-bound regions, 276 respectively, of which 595 were shared between the replicates (Fig. S1C , Supplemental 277 Data Set 5). Of these, 69.7% mapped to core promoter regions within 300 to 600 bp 278 upstream of the nearest TSS, 15.8% in intergenic regions, followed by TTS (6.2%), 279 exons (5.9%), introns (1.8%) and 5'-UTRs (0.5%) ( Fig. 1G, Fig. S1F , I). Similar to the 280 situation in our PCC-specific ChIP-seq analyses we found a G-box as the most 281 overrepresented transcription factor binding site under the peak region ( Fig ChIP-seq datasets, we were able to extract a 64 bp sequence covering the peak summits 288 on the AP1 promoter ( Fig. 4A,B ). Interestingly, this sequence lies about 100 bp 289 downstream of a C-box that had previously been implicated in FD binding to AP1 290 (Wigge et al., 2005) , but contains several palindromic sequences. However, none of 291 them is a bona fide G-box. We selected three potential binding sites within the 64 bp 292 sequence and tested them, along with the upstream C-box, by EMSA for FD binding 293 ( Fig. 4C, S4B ). Results show that only the phosphomimic version of FD-C (FD-294 C_T282E) in combination with 14-3-3 can bind to DNA. Furthermore, a supershift is 295 detected for all palindromic sites tested, included the C-box, when TFL1 is added. In 296 contrast, for FT an additional shift resembling the pattern obtained with the G-box in 297 SEP3 promoter was only observed for "site 2" (Fig. 4C, 2B ). Closer inspection of the 298 nucleotide sequences of the probes used for the G-box in the SEP3 promoter and the 299 "site 2" in the AP1 promoter revealed that the possible FD binding site in the AP1 300 promoter (GTCGAC) is also present in the SEP3 promoter, where it overlaps with the 301 G-box ( Fig. 4D ). Interestingly, in the context of the SEP3 probe, full-length FD and 302 FD-C tolerated mutating the core of the G-box from CG to GC, whereas CG to TA 303 mutations as well as converting the G-box to a C-box (GACGTC) abolished binding in 304 vitro ( Fig. S4D ). To further test the site 2 on AP1 promoter as real binding site of FD, 305 we mutated its core from CG to TA and checked whether this was sufficient to abolish 306 the FD binding. Results show that indeed the binding of FD was strongly abolished 307 except in the presence of TFL1 ( Fig. S4E ). 308
Take together our findings exclude the C-box as the FD binding site in the AP1 309 promoter. Furthermore, our results suggest that FD can bind other motifs as well, 310 possible through interaction with interaction partners other than 14-3-3 and FT/TSF, 311 and we characterized a new binding site (GTCGAC) that could be the most likely real 312 FD binding site in AP1 promoter. 313 314
Differentially expressed genes at the SAM and direct targets of FD 315
To test which of the 595 high confidence targets we had identified by ChIP-seq at the 316 SAM were actually transcriptionally regulated by FD we performed RNA-seq on apices 317 from fd-2 mutant and the pFD::GFP:FD fd-2 rescue line. 21 day-old SD-grown 318 seedlings were shifted to LD to synchronize flowering and apices were harvested on 319 the day of the transfer to LD (T0), as well as 1, 2, 3, and 5 days after the shift (T1, T2, 320 T3, T5) from three independent biological replicates. 321 Differentially expressed (DE) genes were called for each time point and genes with an 322 adjusted p-value (padj) lower than 0.1 were selected as significantly DE. In total 1759, 323 583, 2421, 924, and 153 DE genes were identified in T0, T1, T2, T3, and T5, 324
respectively, corresponding to 4189 unique genes ( Fig. 5A , Supplemental Data Set 6). 325 PCA analysis showed that the first and second principal component, which explain 37% 326 and 21% of the total variance, corresponded to the different time points and genotypes, 327 11 respectively (Fig. S5A ). The best separation between the genotypes in the PCA was 328 observed at T3 and T5, indicating that FD contributes to the transcriptional changes at 329 the SAM mainly after exposure to two long days. This observation is in agreement with 330 the expression profile of FD, which in the pFD::GFP:FD rescue line increased after 331 T2 (Fig. S5B) . In contrast, FD expression remained low in the fd-2 mutant, indicating 332 the validity of our experimental approach (Fig. S5B) . 333
Next, we intersected the list of genes that were bound by FD at the SAM (572) with the 334 list of DE genes (4189). In total, 135 (23.6%) of the 572 FD-bound genes were 335 significantly DE at the SAM during the transition to flowering at least at one timepoint, 336
indicating that these genes are transcriptionally regulated by FD, which is more than 337 expected by chance ( Fig. 5B , C, Supplemental Data Set 7). Among the 135 directly 338 bound and differentially expressed FD targets we observed several previously known 339 FD-regulated flowering time and floral homeotic genes including AP1, FUL, and SOC1 340 ( Fig. 1F, S6A ). In addition, this set of high-confidence FD targets contained also the 341 MADS box gene SEP3, the promoter of which is bound by FD and which is down-342 regulated in fd-2 mutant (Fig. 1F, S6A ). Interestingly, we did not observe binding of 343 FD to any of the other members of SEPALLATA gene family in ChIP-seq samples from 344 the SAM, although we did detect FD binding in promoter regions of SEP1 and SEP2, 345 but not SEP4, in ChIP-seq from seedlings in which FD had been misexpressed from the 346 SUC2 promoter. One possible explanation for this is that the ChIP-seq at the SAM 347 apparently worked less efficiently and identified fewer FD targets (1754 vs. 595), which 348 might result in a larger number of false negatives. In agreement with this interpretation, 349 SEP1 is down-regulated in fd-2 mutant ( genes related to the "response to hormone" category were also significantly 362 overrepresented (Supplemental Data Set 8). Among these 27 genes are four genes best 363 known for their role in jasmonate signaling (MYC2, JAZ3, JAZ6 and JAZ9), three genes 364 directly connected to auxin signaling (ARF18, WES1, and DFL1), four genes involved 365 in abscisic acid signaling (ALDH33I1, ATGRDP1, HAI1 and PP2CA), and the 366 flowering-related gene SOC1, which is well-known to be regulated by gibberellins 367 (Supplemental Data Set 8). Closer inspection of the expression profiles of these 27 368 candidate genes revealed that ARF18 showed a trend similar to SOC1, being strongly 369 induced after T2 in Col-0 but not in fd-2. The four jasmonate-related genes showed a 370 peculiar expression profile in fd-2, i.e. an increase from T0 to T1, decrease in T2, 371 another increase in T3, and decreasing in T5. Since this peculiar expression profile was 372 observed in three JAZ genes, we checked the remaining genes in this family and found 373 that 11 out of 13 displayed the same pattern ( Fig. S6 ). Furthermore, this profile was 374 also observed in three other genes (DMR6, ESP and TOE2), all of which have 375 previously been implicated in pathogen resistance and the jasmonate pathway ( Fig.  376 S7B). Taken together, these results suggest that FD plays an active role not only in the 377 regulation of flowering time but also functions as a hub for different hormone signaling 378 pathways. 379 380
Validation of FD targets 381
We selected a subset of putative FD direct target genes and determined their expression 382 in early flowering FD overexpression lines (p35S::FD) and Col-0. To minimize any 383 bias due to the early flowering of p35S::FD, experiments were carried out in vegetative 384 7-day-old LD-grown seedlings. For validation, we selected genes known to play a 385 major role in floral transition, genes that according to Gene Ontology are involved in 386 flowering time and floral development, and other genes that showed a marked 387 differential expression in fd-2 but for which a role in flowering time regulation had not 388 previously been studied in detail. qRT-PCR assays confirmed that both SOC1 and AP1 389 were strongly up-regulated in p35S::FD (Fig. 6 ). Although we had only found SEP3 to 390 be bound by FD in the SAM ChIP-seq analysis, we tested expression of all four 391 SEPALLATA genes (SEP1 -SEP4) in the p35S::FD line. SEP3 was the only SEP gene 392 that was strongly induced in seedlings in response to FD overexpression, while SEP1 393 and SEP2 showed only moderate induction. In contrast, expression of SEP4 did not 394
show difference between p35S::FD and Col-0 ( Fig. 6) . Interestingly, SEP1, SEP2, and 395 SEP3 were also bound by FD in PCC-specific ChIP-seq in seedlings and SEP1 and 396 SEP3 displayed strong DE in RNA-seq ( Fig. S6) . AS1, which has been demonstrated to 397 13 be involved in flowering time by regulation of FT expression in leaves (Song et al., 398 2012), did not show significant difference in expression between Col-0 and p35S::FD. 399
We also tested two FRIGIDA-like genes, FRI-like 4a and FRI-like 4b, of which FRI-400 like 4b showed a decreased expression in p35S::FD. In addition, we also tested two 401 genes, MYC2 and AFR1, which were bound by FD in both the pSUC2 and pFD ChIP-402 seq experiments, differentially expressed at the SAM, but not differentially bound in ft-403 10 tsf-1 mutant, i.e. not directly influenced by the presence of FT and TSF, for their 404 contribution to flowering time regulation. MYC2 showed no differences in expression 405 in p35S::FD compared to Col-0, whereas AFR1 was up-regulated in p35S::FD (Fig. 6) . 406
To genetically test the role of these two genes in the regulation of flowering we isolated We found that neither FT nor TSF are required for FD to bind to DNA but that their 429 presence increases the strength of FD binding on a subset of target loci, which encode 430 known flowering time and floral homeotic genes such as AP1, SEP1, SEP2, and FUL. 431
Our data are compatible with the model described by (Ahn et al., 2006) , according to 432 which FT acts as a transcriptional coactivator. Without FT, FD is still capable of 433 binding DNA but does not seem to activate transcription. In this context, our EMSA 434 results are of particular interest as they demonstrate that, at least in vitro, TFL1 is 435 capable of interacting with unphosphorylated FD via 14-3-3 proteins, suggesting that 436 the transcriptionally inactive ternary FD/14-3-3/TFL1 complex is the ground state at 437 the SAM. Only after FD has been phosphorylated can FT, together with 14-3-3 proteins, 438 form an active FAC to induce flowering. This requirement for phosphorylation of T282 439 of FD adds another safeguard to the system that might help to prevent disastrous 440 premature induction of flowering. Our results clearly suggest that phosphorylation is 441 important for FD function and add to our understanding concerning the role of FD 442 phosphorylation, which had mostly been based on the analyses of a FD/14-3-3/Hd3a However, how SEP3 is regulated at the SAM has remained unclear. Interestingly, we 473 found that FD bound strongly to the SEP3 promoter and SEP3 is downregulated in the 474 fd-2 mutant. As FD also binds to the promoter and activated expression of the A-class 475 gene AP1, FD activity might be sufficient to induce formation of sepals, which form 476 the outmost floral whorl, and which according to the quartet model require the 477 formation of a SEP/AP1 complex (Theissen et al., 2016) . However, it should be noted 478 that fd mutants do not display notable homeotic defects, indicating that FD is clearly 479 not the only factor regulating SEP3 and AP1 expression. Furthermore, binding of FD 480 16 to AP1 is unlikely to be mediated by a C-box as previously suggested (Taoka et al., 481 2011; Wigge et al., 2005) as the summits of the ChIP-seq peaks do not cover this region 482 of the AP1 promoter. Interestingly, this region contains several palindromic sequences, 483 one or more of which most likely mediate FD binding to the AP1 promoter. 484
Another interesting outcome of our analyses is that FD might contribute to the 485 regulation of other processes in the plant besides flowering. In particular, we found that 486 FD directly regulated the expression of genes involved in several hormone signaling 487 pathways. For example, we observed FD binding to the promoter of MYC2, a bHLH 488 transcription factor that plays a key role in jasmonate response. It has been shown that 489 MYC2 forms a complex with JAZ proteins and the TPL co-repressor, and that this 490 interaction is dependent on NINJA proteins (Pauwels et al., 2010) . In this context it is 491 noteworthy that FD also bound directly to the promoter of TPR2 promoter and that 492 TPR2 was strongly downregulated in fd-2. This finding indicates that FD not only 493 regulates MYC2 but also at least some of the interacting TPL-like transcriptional co-494
repressors. Finally, we also observed strong binding of FD to (and misexpression of) a 495 number of JAZ genes in either PCCs and/or the SAM in our ChIP-seq and RNA-seq 496 data. Taken together, this indicates that FD may control the expression of three core 497 components of jasmonate signaling: MYC2, TPR2, and several JAZ genes. These results 498 support earlier findings that had reported a link between jasmonate signaling 499 components and flowering time regulation. JAZ proteins have been shown to regulate 500 flowering in leaves through the direct interaction with the floral repressors TOE1 and 501 TOE2, which is also bound by FD and differentially expressed in fd-2, and the 502 regulation of FLC that negatively regulate FT expression (Zhai et al., 2015) . Moreover, 503 MYC2 has also been reported to affect flowering time by regulating FT expression in 504 leaves (Wang et al., 2017; Zhai et al., 2015) . However, previous publications had 505 reported contradictory results concerning the flowering phenotype of the myc2 mutant, 506 ranging from late flowering (Gangappa and Chattopadhyay, 2010) to early flowering 507 (Wang et al., 2009) or no obvious effect (Major et al., 2017) . In our conditions the myc2 508 mutant showed an early flowering time compared to Col-0, which in agreement with 509 the report from Wang and colleagues (Wang et al., 2009) (Fig. 7) . We also identified 510 ARF18, a member of the auxin response factors protein family, as direct target of FD. 511
Notably, the expression of ARF18 is strongly induced after T2 in Col-0 but not in fd-2 512 and this pattern is the same of known direct FD targets, e.g.: AP1 and SOC1. Moreover, 513
ARF18 is also induced at the SAM during floral transition (Schmid et al., 2005 ) 514 providing further evidence for a possible link between FD and ARF18. In summary, our 515 findings suggest a link between the photoperiodic pathway gene FD and hormone 516 signaling pathways. Although further experiments will be necessary to better 517 understand this connection, we hypothesize that linking hormone signaling to flowering 518 time through FD regulation might allow plants to fine tune their flowering time 519 response to abiotic and biotic stresses. 520
Apart from connecting FD with hormone signaling we characterized another target 521 gene in more detail. AFR1, which encodes a putative histone deacetylase subunit, had 522 previously been shown to negatively affect the expression of FT in the leaves and afr1 523 mutations cause early flowering (Fig. 7) 
Plant materials and growth conditions 536
Arabidopsis thaliana accession Col-0 was used as wild-type. Mutants investigated in 537 this study are: fd-2 (SALK_013288), ft-10 (GABI_290E08), tsf-1 (SALK_087522), 538 myc2 (SALK_017005), arf1 (SALK_026979) (Tab. S1). Seeds were stratified for 3 539 days in 0.1% agar in the dark at 4ºC and directly planted on soil. Plants were grown on 540 combination with 14-3-3ν, FT, and TFL1. FD-C weakly binds the probe on its 834 own but it is not able to form complex with 14-3-3ν and FT. However, FD-C 835 forms a complex with 14-3-3ν and TFL1 capable of binding the G-box. 836 (B) Phosphomimic version of FD-C (FD-C_T282E) in combinations with 14-3-3ν, 837
FT and TFL1. The phosphomimic version of FD-C binds the G-box alone and 838 it is interacting with 14-3-3ν, which facilitates interaction with FT and TFL1. 839
Both, wild-type and phosphomimic version of FD-C, require 14-3-3ν for 840 interaction with FT or TFL1. Table S1 . List of mutants and oligos for genotyping used in the study. 923 Table S2 . List of vectors used in the study. 924 Table S3 . List of oligos used for qRT-PCR in the study. (A) Electrophoretic mobility shift assay (EMSA) of the wild-type form of FD-C in combination with 14-3-3ν, FT, and TFL1. FD-C weakly binds the probe on its own but it is not able to form complex with 14-3-3ν and FT. However, FD-C forms a complex with 14-3-3ν and TFL1 capable of binding the G-box.
(B) Phosphomimic version of FD-C (FD-C_T282E)
in combinations with 14-3-3ν, FT and TFL1. The phosphomimic version of FD-C binds the G-box alone and it is interacting with 14-3-3ν, which facilitates interaction with FT and TFL1. Both, wild-type and phosphomimic version of FD-C, require 14-3-3ν for interaction with FT or TFL1. Asterisk (*) indicate shifted probe. 
